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T cell recepto r expression cassette 

Description 

The invention relates to a process for expressing T 
cell receptors and to vectors which are suitable for 
this. In addition, this present document discloses 
cells which are transfected with the vectors and which 
are able to express T cell receptors which are in each 
case desired. 



The T lymphocytes of the immune system are responsible 
for the cellular immune response. In this connection, 
diseased body cells or tumor cells are recognized by 
the so called T cell receptor (TCR) , which binds an 
antigen which is specific for the diseased cell and 
which is in the form of short peptide fragments. These 
peptide fragments are presented at the cell surface by 
MHC molecules. 

T cell receptors consist of two different polypeptide 
subunits, usually the so called T cell receptor a and p 
chains, which are linked to each other by way of a 
disulfide bridge. The a and (3 chains are in turn 
composed of variable and constant regions. The variable 
regions of the a chain comprise V and J gene segments 
while the variable regions of the (i chain comprise V, D 
and J gene segments. 

The chromosomal TCRa chain gene consists of approx. 5 0 
to 60 variable segments, each of which contains an exon 
for a Va gene segment, upstream of which is another 
exon which encodes a leader sequence which enables the 
protein to be imported into the endoplasmic reticulum 
and transported to the cell surface. A group of 61 J 
segments is located at a considerable distance from the 
Va segments. The J segments are followed in turn by a 
single Ca segment for the constant region, which in 
turn contains separate exons for the constant region 
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and the hinge region and also an exon for the 
transmembrane and cytoplasmic regions. 

The chromosomal TCRP chain locus contains a group of 
5 approx. 65 vp gene segments which are located at some 
distance from two separate clusters which each contain 
a single D(3 segment and 6 and 7 Jp segments, 
respectively, as well as a single Cp segment. Each 
constant segment of the P chain possesses separate 
10 exons for the constant region, the hinge region, the 
transmembrane region and the cytoplasmic region. 

During the development and maturation of the T cell, 
the separate gene segments are linked by means of 

15 somatic recombination. In the case of the a chain, a Va 
gene segment comes to be located next to a Ja gene 
segment. This produces a functional exon. 
Transcription, and splicing of the VJa exon to the 
constant region, results in the formation of the mRNA 

20 which is translated into the TCRa chain. The 
rearrangement of the vp. Dp and Jp gene segments, which 
encode the variable domain of the P chain, creates a 
functional exon which is transcribed and added onto cP 
by means of splicing. The resulting mRNA is translated 

25 into the TCRP chain. After their biosynthesis, the a 
and p chains join together to form the a: p TCR 
heterodimer. The hypervariable region of the TCR, which 
region is responsible for the specificity of the 
antigen recognition and is located in the region where 

30 the V, (D) and J gene segments are linked, is 
designated CDR3 . 

The limited availability of native T cells frequently 
places a substantial restriction on immunological 
35 investigations, at the functional and molecular levels, 
of the T cell receptors which are expressed by these 
cells. On the other hand, because of the above- 
described, complex assembly of the T cell receptor from 
two genes, which are in turn composed of a large number 



of segments, it is no easy matter to prepare complete T 
cell receptors recombinantly in foreign cells. 

The object underlying the present invention 
consequently consisted in making available a novel 
system for recombinantly expressing T cell receptors, 
which system allows defined MHC-res tricted T cell 
receptors to be expressed and consequently enables them 
to be investigated at the functional and molecular 
levels , 

This object is achieved by making available an 
expression unit which contains expression cassettes for 
TCRa chains and TCRp chains, respectively. These 
expression cassettes in each case contain at least the 
3' segment of the constant moieties of the TCRa chain 
and P chain genes, respectively, with artificially 
inserted restriction cleavage sites, in particular 
multiple cloning sites possessing several restriction 
cleavage sites, with preferably at least one of the 
cleavage sites being a unique cleavage site, being 
present in the 5' region of these segments. When 
several cleavage sites are present, the cleavage site 
which is located furthest 3' is ' of particular 
importance since the cleavage sites which are located 
5' of it are lost when the V gene is cloned. As a 
result of exploiting the degeneracy of the genetic 
code, the introduction of these cleavage sites does not 
result in any amino acid substitution in the TCR 
chains. In order to complete the TCR chains, the 
variable TCR domains also have to be cloned upstream of 
the constant domains which are already contained in the 
basic vector. If required for a special V gene segment, 
the artificially inserted restriction cleavage sites 
can be inactivated using restriction endonucleases 
having a partially identical recognition sequence when 
the variable moiety is cloned. 



The expression vectors according to the invention 
enable TCR sequences, in particular human TCR 
sequences, to be expressed in a simple manner in 
eukaryotic cells. Three advantages, in particular, are 
gained in this connection: 

1. The expression cassettes can essentially be used 
for any TCR sequences and are therefore 
independent of the rearranged V region genes. 

2 . The DNA fragments which are to be cloned into the 
expression cassettes according to the invention, 
and which are PGR products, for example, are only 
short, which means that it is possible to simplify 
the control sequencing and/or minimize the error 
rate during the amplification. Preferably, 
therefore, the artificial restriction cleavage 
sites for cloning the V regions are if at all 
possible located in the 5' region of the C. 
regions . 

3 . The restriction cleavage sites which are inserted 
by mutagenesis do not result in any reading frame 
shift or any amino acid substitution in the final 
polypeptide. In addition, it is preferred that no 
identical endogenous cleavage sites should be 
located within the corresponding fragments, 
thereby making it possible to avoid a partial 
digestion during the cloning. 

A first aspect of the present invention relates to a 
basic vector for preparing a TCR expression vector, 
which basic vector possesses an expression control 
sequence which is operatively linked to a 
polycistronic, preferably bicistronic, expression unit 
comprising : 

(a) at least a part of the nucleotide sequence 
encoding a C region of the TCRa chain, with at 
least one restriction cleavage site being located 
in the 5' region of the nucleotide sequence, and 
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(b) at least a part of the nucleotide sequence 
encoding a C region of the TCRP chain, with at 
least one restriction cleavage site being located 
in the 5' region of the nucleotide sequence. 

5 

The basic vector can be a prokaryotic or a eukaryotic 
vector. Preference is given to it being a vector which 
can be propagated in eukaryotic cells, in particular in 
mammalian cells such as human cells. Examples of 

10 eukaryotic vectors are described in Sambrook et al . , 
Molecular Cloning, A Laboratory Manual, 2nd Edition 
(1998) , Cold Spring Harbor Laboratory Press, Chapter 
16, and Winnacker, Gene und Klone, "Eine Einfuhrung in 
die Gentechnologie" [Genes and Clones, ''An Introduction 

15 to Recombinant DNA Technology"] (1985), VCH 

Verlagsgesellschaf t , in particular in Chapters 5, 8 and 
10. The basic vector can be a chromosomal or episomal 
vector. Particular preference is given to the vector 
being a vector which can be replicated episomally, in 

2 0 particular a plasmid. 

Apart from the polycistronic expression unit, the basic 
vector according to the invention contains additional 
sequenceelements which are customary for expression 

2 5 vectors, e.g. one or more selection marker genes, such 

as antibiotic resistance genes, one or more origins of 
replication and also the expression control sequence 
which is necessary for transcribing the expression 
cassette. This expression control sequence can be a 

3 0 prokaryotic or eukaryotic expression control sequence;. 

Particular preference is given to an expression control 
sequence which is active in eukaryotic cells, in 
particular in mammalian cells. This expression control 
sequence contains a promoter and, where appropriate, 
35 transcription regulation and/or activation sequences, 
such as enhancers . 



The polycistronic expression unit according to the 
invention contains two nucleotide sequences, one of 
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which encodes at least a part of the C region of a TCRa 
chain while the second encodes at least a part of the C 
region of a TCRp chain. The C region is preferably a 
human Ca or cp region. Advantageously, these nucleotide 

5 sequences contain the complete 3' region of the 
respective C regions. On the other hand, the presence 
of a complete 5' region is not absolutely necessary 
since, as explained below, this can be cloned into the 
basic vector together with the respective V region at a 
10 later time. At least one restriction cleavage site is 
in each case located in the 5' region of the nucleotide 
sequences encoding the C region. These restriction 
cleavage sites are preferably in each case different 
for the TCRa chain and for the TCRp chain. Particularly 

15 preferably, they are unique restriction cleavage sites, 
i.e. restriction cleavage sites which only occur once 
in the entire vector. The introduction of these 
restriction cleavage sites may possibly result in a 
mutation in the nucleotide sequence encoding the C 

20 region. However, this mutation is preferably a ''silent" 
mutation, i.e. a mutation which does not result in any 
amino acid substitution in the C region. Examples of 
suitable restriction cleavage sites which can be 
inserted into the 5' region of the nucleotide sequence 

25 encoding the C region of the TCRa chain are BamHI 
and/or Xmal cleavage sites. These restriction sites can 
be introduced simply by effecting mutations in codons 5 
and 6 of exon 1 of the C region of the TCRa chain (cf,, 
e.g.. Fig. 6). Particularly preferably, the cassette 

30 cleavage site is a BamHI site in codon 6 of the Ca 
gene. Examples of restriction cleavage sites for the C 
region of the TCRp chain are Spel and/or Sail cleavage 
sites which are introduced by mutations effected in 
codons 28 and 29 of the nucleotide sequence encoding 

35 - the cp region (cf. Fig. 7). Particular preference is 
given to the cassette cleavage site being a Spel site 
in codon 29 of the Cp gene. 
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Particularly preferably, restriction cleavage sites are 
introduced into a region which encodes the first fifty 
amino acids of the respective C region of the TCR chain 
gene. Particularly preferably, the TCRa chain and 
5 TCRP chain genes are genes of human origin whose 
sequences are described in Yoshikai et al . , (Nature 316 
(1985), 837-840) and Toyonaga et al . , (Proc. Natl. 
Acad. Sci. USA 82 (1985), 8624-8628). 

10 In addition, the expression unit of the basic vector 
according to the invention preferably contains a 
sequence which permits capping-independent translation 
of the polycistronic mRNA molecule which is produced by 
transcribing the expression unit. An example of such a 
15 sequence is an IRES sequence as occurs in a large 
number of different organisms, for example viruses. 
Thus, IRES sequences are present in the Picornaviridae , 
e.g. cardioviruses such as encephalomyocarditis virus, 
enteroviruses such as poliovirus, rhinoviruses such as 
20 human rhinovirus, hepatoviruses such as human hepatitis 
A virus (Fields et al . , Virology, 3rd Edition (1996), 
Lipincott-Raven Publishers, Philadelphia), in 

Flaviridae, e.g. pestiviruses such as bovine viral 
diarrhea virus (Vassiler et al . , J. Virol. 71 (1997), 
25 471-478) or classical swine fever virus (Rijnbrand et 
al., J. Virol. 71 (1997), 451-457), retroviruses such 
as HTLV-1 (Attal et al., FEES Lett. 392 (1996), 220- 
224) or Moloney murine leukemia virus (Vagner et al . , 
J. Biol. Chem. 270 (1995), 2037 6-20383), Leishmania RNA 
30 virus 1 (Maga et al., Mol . Cell. Biol. 15 (1995), 4884- 
4889), or in humans, e.g. in the BiP gene (Yang and 
Sarnow, Nucleic Acids Res. 25 (1997), 2800-2807) or in 
the human fibroblast growth factor 2 gene (Vagner et 
al., Mol. Cell. Biol. 15 (1995), 35-44) or in 
35 Drosophila, e.g. in the E74A gene (Jones et al . , 
Insect. Biochem. Mol. Biol. 24 (1994), 875-882). In 
order to enable expression of the TCRa chain gene and 
the TCRP chain gene to be as high and as even as 
possible, the expression unit contains a ribosomal 
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translation initiation site, e.g. the so-called Kozak 
sequence, directly 5' of each TCR chain sequence. 



Preference is given to expression of the TCRa chain and 
5 of the TCRP chain being as stoichiometric as possible. 
In addition to this, expression of the TCRa chain can 
also be limited in comparison to expression of the TCRP 
chain. To achieve this, the expression cassette 
according to the invention can, for example, be 

10 structured in the 5' -3' direction as follows: TCRp 
chain gene; IRES sequence; TCRa chain gene. 
Alternatively, the ribosomal initiation sequence for 
the TCRa chain gene can, for example, be modified such 
that translation initiation is somewhat weaker than in 

15 the case of the TCRp chain gene. 



Another aspect of the present invention relates to a 
TCR expression vector which possesses an expression 
control sequence which is operatively linked to a 
20 polycistronic, preferably bicistronic, expression unit 
comprising : 

(a) a nucleotide sequence encoding a complete TCRa 
chain 
and 

25 (b) a nucleotide sequence encoding a complete TCRP 
chain, 

with the nucleotide sequences encoding the V regions 
and C regions- of the TCR chains being linked to each 
other by way of restriction cleavage sites in the 5' 

30 region of the C regions. Preferably, the nucleotide 
sequences encoding the TCR chains possess at least one 
base substitution, as compared with the natural TCR 
sequence, in the region of the restriction cleavage 
sites, with the base substitutions being selected 

35 within the context of the degeneracy of the genetic 
code, i.e. leading to a "silent mutation". 



In 
the 



principle , 
invention 



the TCR expression vector according to 
can be prepared by two different methods. 
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namely by firstly preparing a basic vector and 
inserting the nucleotide sequences encoding a desired V 
region into it, or by combining the nucleotide 
sequences which encode the desired V regions with the 
5 corresponding C regions in two separate vectors and 
then forming the expression vector from these two 
vectors. Another aspect of the present invention is 
consequently a process for preparing a TCR expression 
vector, comprising the steps of: 
10 (a) preparing a basic vector as previously indicated, 
and 

(b) inserting nucleotide sequences which contain the 
regions encoding a desired V region of a TCRa 
chain or TCRP chain into the restriction cleavage 

15 sites which are located in the 5' regions of the 

nucleotide sequences encoding the C regions, or 
(a' ) preparing two vectors, each of which contains at 
least a part of the nucleotide sequence encoding 
the C region of the TCRa chain or the TCRp chain, 

20 respectively, with at least one restriction 

cleavage site being in each case located in the 5' 
region of the nucleotide sequence, 
(b' j inserting nucleotide sequences which contain the 
regions encoding a desired V region of a TCRa 

25 chain or a TCRP chain into the restriction 

cleavage sites which are located in the 5' regions 
of the nucleotide sequences encoding the C 
regions, and 

(c' ) assembling the nucleotide sequences encoding the 
30 TCR chains into an expression unit in order to 

obtain a TCR expression vector. 

Yet another aspect of the present invention is a cell 
which is transformed with a basic vector or with a TCR 
35 expression vector as described above. The cell can be a 
prokaryotic cell, e.g. a Gram-negative bacterial cell, 
in particular E. coli. However, a cell used for TCR 
expression is preferably a eukaryotic cell, a mammalian 
cell and, in particular, a human cell. Examples of 
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methods for introducing the vectors according to the 
invention into such cells are to be found in Sambrook 
et al., loc. cit., and Winnacker, loc. cit. 



5 Particular preference is given to using, for the 
transformation, a recipient cell which is able to 
express one or more accessory molecules, i.e. molecules 
which are required for exercising the T cell function. 
Examples of such accessory molecules are the cell 

10 surface markers CD3, CD4 and CDS and cytokines such as 
IL-2 and/or TNF. The greatest preference is therefore 
given to the recipient cell being a human T cell. 
Examples of suitable human T cells are the T cell 
clones and lines such as 234 (Prof. Wank, Institut fur 

15 Immunologie [Immunology Institute], LMU Munchen, 
Goethestr. 31, 80335 Munich), Molt-4 (ATCC CRL1582), 
Peer (Schlesinger et al . , Thymus. 2 (1981), 235-243) 
and Jurkat (ATCC TIB-152) and variants thereof such as 
Jurkat 9-5 (Boehringer Mannheim GmbH) . Particular 

20 preference is given to using cytotoxic T cells. 

Yet another possibility for obtaining T cells which 
express a TCR having the desired specificity is that of 
introducing a TCR expression vector according to the 

25 invention into the germ line of an animal and isolating 
the T cells from the resulting transgenic animal or its 
progeny. Preference is given to preparing transgenic 
mice. In addition, preference is given to the 
transgenic mice also expressing accessory molecules, 

30 such as the human CDS molecule and/or the human 
HLA-A*0201 molecule, as well as the TCR. 



The invention consequently also relates to a process 
for expressing a TCR, with a suitable host cell being 
35 transformed with a TCR expression vector and the cell 
being cultured under conditions which lead to 
expression of a TCR, preferably to expression of the 
TCR as a membrane-bound TCR heterodimer. 
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Yet another part of the subject-matter of the present 
invention is a reagent kit for preparing a TCR 
expression vector. In a first embodiment, the reagent 
kit contains a basic vector, as previously defined, and 
5 primers for amplifying V regions of the TCRa and TCRp 
chain genes. In a second embodiment, the reagent kit 
contains two separate vectors which separately .contain 
the elements of the expression unit from the basic 
vector as well as suitable primers for amplifying V 
10 regions. 

In addition to this, the reagent kit can also contain a 
recipient cell which is suitable for the TCR 
expression, in particular a human T cell as previously 
15 explained. 

The application is clarified further by the following 
figures, sequence listings and examples. 

20 Fig. 1: shows the preparation of the TCRa expression 
cassette. The primers 5'CaEXPs and 3'CaEXP were 
used to prepare an amplificate of the TCRa C 
region, which extended from the third codon to 
the stop codon, from a TCRa-specif ic cDNA. The 
25 oligonucleotide 5'CaEXPs added recognition 

sequences for the Xmal and BamHI restriction 
endonucleases to the 5' ends of the amplified 
DNA molecules while the oligonucleotide 3'CaEXP 
added a cleavage site for the Sail restriction 
30 endonuclease to the 3' ends of the molecules. 

The DNA strands were cloned into pBSCIISK+ by 
way of the Xmal and Sail cleavage sites. After 
sequencing, an error-free subclone was selected 
and the Ca region was recloned into the 
35 expression vector pSBCII by way of the Xmal and 

Sail cleavage sites. The vector pSBCII contains 
two unique restriction cleavage sites, i.e. 
Asel and NotI, which enable it to be fused with 
the vector pSBCI (AmpR = ampicillin resistance 
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gene, SV40P/E = SV40 promoter and enhancer 
sequences, SV40pA = SV40 polyadenylat ion 
signal) . 

5 Fig. 2: shows the cloning of the Va20 domain of the T 
cell clone 26/B into the TCRa expression 
cassette. RNA from the RCC-specific clone 26/B 
was reverse transcribed specifically for the 
TCR and the resulting cDNA was amplified using 

10 the oligonucleotides TCRAV20EXP and 5'CaEXPas. 

The amplificate comprised the entire Va20 
region (beginning at the start codon) and the 
first nine codons of the Ca region. The 
oligonucleotide TCRAV20EXP added an EcoRI 

15 cleavage site, and the optimal Kozak sequence, 

to the 5' end of the amplified DNA molecules 
while the oligonucleotide 5'-CaEXPas added a 
BamHI cleavage site to the 3' end of the 
molecules. Cloning of the DNA molecules into 

20 the vector pBSCIISK+ took place by way of the 

EcoRI and BamHI cleavage sites. After 
sequencing, an error-free subclone was selected 
and the Va20 domain was cloned into the TCRa 
expression cassette (in pSBCII) by way of the 

25 EcoRI and BamHI sites. 

Fig. 3: shows the preparation of the TCRP expression 
cassette. The primers 5'CpEXPs and 3'CPEXP were 
used to prepare an amplificate of the TCRP C 

30 region, which extended from the 2 6th codon to 

the stop codon, from a TCRp-specif ic cDNA. The 
oligonucleotide 5'CPEXPs added recognition 
sequences for the Sail and Spel restriction 
endonucleases to the 5' ends of the amplified 

35 DNA molecules while the oligonucleotide 3'CpEXP 

added a cleavage site for the Hindlll 
restriction endonuclease to the 3' ends of the 
molecules. The DNA strands were cloned into 
pBSCIISK+ by way of the Sail and Hindlll 



10 
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cleavage sites. After sequencing, an error-free 
subclone was selected and the Cp region was 
recloned into the expression vector pSBCI by 
way of the Sail and Hindlll cleavage sites. The 
vector pSBCI contains two unique restriction 
cleavage sites, i.e. Asel and NotI, which 
enable it to be fused with the vector -pSBCII, 
and, in addition, an IRES (internal ribosomal 
entry site) element. 



Fig. 4: shows the cloning of the Vp22 domain of T cell 
clone 26/B into the TCRP expression cassette. 
RNA from the RCC-specific clone 26/B was 
reverse transcribed in a manner specific for 

15 the TCR and the resulting cDNA was amplified 

using the oligonucleotides TCRBV22EXP and 
5'CpEXPas. The amplificate encompassed the 
entire Vp22 region. The oligonucleotide 
TCRBV22EXP added an EcoRI cleavage site, and 

20 the optimal Kozak sequence, to the 5' end of 

the amplified DNA molecules while the 
oligonucleotide 5'CpEXPas added a Spel cleavage 
site to the 3' end of the molecules. The DNA 
molecules were cloned into vector pBSCIISK+ by 

25 way of the EcoRI and Spel cleavage sites. After 

sequencing, an error-free subclone was selected 
and the Vp22 domain was cloned into the TCRp 
expression cassette (in pSBCI) by way of the 
EcoRI and Spel cleavage sites. 

30 

Fig. 5: shows the fusion of vectors pSBCI and pSBCII to 
form the bicistronic TCR expression unit. 
Vector pSBCI, which contained the TCRp chain of 
clone 25/B, and vector pSBCII, which contained 
35 the TCRa chain of clone 26/B, were digested 

with the restriction enzymes Asel and Notl. The 
two halves, which each encoded a TCR chain, 
were then ligated again by way of the same 
cleavage sites such that both TCR chains of 



# 
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clone 26/B were encoded on the fused expression 
vector pSBCI/II. The position of the NotI 
cleavage site led to the IRES element of vector 
pSBCI coining to lie, in the fusion vector, 
5 between the two TCR genes; the intention of 

this was to enable the Va chain to be 
translated in a capping-independent ■ manner 
{MCS = multiple cloning site) . 

10 Fig. 6: shows a TCRa expression cassette. The cDNA 
sequence in the 5' region of the Ca region is 
shown in the middle, with the triplets 
corresponding to the actual reading frame. The 
triplets printed in bold correspond to codons 5 

15 and 6 in exon 1. The primer 5'CaEXPs (drawn in 

above the cDNA sequence) introduces an Xmal 
cleavage site, and also a BamHI cleavage site, 
using the degenerate code at position 3 in 
codon 5 (T to G transversion) and position 3 in 

20 codon 6 (C to T transition) (shown at the top) 

into the 5' region of the Ca amplificate. The 
nucleotide substitutions, which only elicit 
silent mutations in these two codons, and the 
corresponding amino acids (proline and aspartic 

25 acid) are shown at the lower edge of the 

display. At the same positions, the 3' regions 
of the Va amplificates are modified in an 
identical manner by the 5'CaEXPas primer (shown 
below the cDNA sequence) , and a BamHI 

30 recognition sequence is consequently created 

once again. A hypothetical primer, which 
carries a Bglll recognition sequence and can 
inactivate the BamHI site when the Va segment 
is cloned, as described in the text, is 
35 depicted below the 5'CaEXPas sequence. 



Fig. 7: shows the TCRp expression cassette. The cDNA 
sequence in the 5' region of the Cp region is 
shown in the middle, with the triplets 



- 15 - 

corresponding to the actual reading frame. The 
triplets which are printed in bold correspond 
to codons 2 8 and 2 9 in exon 1. The primer 
5'CpEXPs (drawn in above the cDNA sequence) 
5 introduces a Sail cleavage site, and also a 

Spel cleavage site using the degenerate code at 
position 3 in codon 29 (G to A transition) 
(shown at the top), into the 5' region of the 
Cp amplificate. The nucleotide substitutions, 

10 which only elicit silent mutations in codons 28 

and 29, and the corresponding amino acids 
(threonine and aspartic acid) are shown at the 
lower edge of the display- At the same 
positions, the 3' regions of the Vp 

15 amplificates are modified in an identical 

manner by the 5'CpEXPas primers (shown below 
the cDNA sequence) , and an Spel recognition 
sequence is consequently created once again. A 
hypothetical primer, which carries an Xbal 

2 0 recognition sequence and can inactivate the 

Spel site when cloning the vp segment, as 
described in the text, is depicted below the 
5'CpEXPas sequence. The places at which 
oligonucleotides 5 ' cpEXPs and 5 ' CpEXPas 
25 hybridize are identical in Cpl and Cp2 . 

Fig. 8: shows a model of the synthetic" T cell. The 
cell line Jurkat 9-5 (center) carries the gene 
for p-galactosidase (lacZ), which gene is under 

3 0 the control of the IL-2 promoter and is stably 

integrated into the genome. Successful 
transfection of this cell with the pSBCI/II 
fusion vector leads to the TCR chains which are 
encoded by it being expressed on the cell 
3 5 surface. Interaction of the expressed TCR with 

its specific ligand leads to the lL-2 promoter 
being activated and consequently to the 
intracellular production of p-galactosidase. 
When the Jurkat cells are lyzed, the 
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p-galactosidase is released and can convert a 
substrate, resulting in the reaction solution 
becoming colored. 



5 



Fig. 9 and 

SEQ ID NO. 1 to 8: 



Oligonucleotides for the TCR 
expression cassettes 



Exainples 



10 



Example 1 Preparing a bicistronic TCR expression unit 

The TCR of the RCC-specific cytotoxic clone 2 6/B was 
selected for preparing a TCR expression system. The a 

15 chain gene of this TCR consists of the variable region 
Va2 0 and the constant region Ca. The TCRP chain gene 
consists of the variable region Vp22 and the constant 
region Cp . The sequences of these, and all the other 
known V gene segments, are published in Arden et al . 

20 (Immunogenetics 42 (1995), 455-500). 

As explained in Figures 1 to 4, the TCR chains were 
cloned in two steps: in the first step, the C regions 
were cloned {Figures 1 and 3), i.e. the actual 

25 cassettes were completed, and, in the second step, the 
corresponding V regions were inserted into the 
expression cassettes (Figures 2 and 4) , The basic 
vectors employed were pSBCI and pSBCII (Dirks et al . , 
Gene 128 (1993), 247-249). These vectors are low copy 

3 0 plasmids and for this reason all the fragments were 
subcloned in pBSCIISK+ (from Stratagene, Catalog 
No. 21 22 05). This vector replicates to a high copy 
number in bacteria and in addition proved to be 
particularly compatible with the pBSC vectors as far as 

35 the restriction cleavage sites were concerned. 



The fragments contained in pBSCIISK+ were sequenced and 
the DNA from error- free subclones was recloned into the 
expression vectors. Primers which inserted various 
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modifications into the corresponding DNA regions were 
employed for amplifying the TCR-specific cDNA. The 5' 
primers for amplifying the C region {5'CaEXPs and 
5'CPEXPs, cf. Fig. 9 and SEQ ID NO, 3 and 7) in each 
5 case carried two recognition sequences for restriction 
endonucleases , with the first of these recognition 
sequences being freely selectable and being used to 
clone the cassette into the expression vector. The 
second recognition sequence constituted the actual 

10 cassette cleavage site and enabled the V region to be 
cloned in subsequently (see below) . The 3' primers 
employed were the oligonucleotides 3'CaEXP and 3'CpEXP 
(Fig. 9 and SEQ ID NO. 4 and 8). The coding segment of 
the respective C gene segment, including the stop 

15 codon, was amplified by a PGR (protocol: 
predenaturation 94 2 min, 1 cycle; denaturation 
94°C, 30 sec, 30 cycles; annealing 63°C, 30 sec, 30 
cycles; extension 72''C, 1 min, 30 cycles and final 
polymerization 12°C, 10 min, 1 cycle) using the 

20 relevant a-p primer combination. A cleavage site for 
cloning was also inserted in each case (Figs. 1 and 3). 

The primers TCRAV20EXP and TCRBV22EXP (Fig. 9 and SEQ 
ID NO. 1 and 5), which were specific for the V gene 

25 segment, were used for cloning the V regions of clone 
26/B. These primers bind to the V gene sequence in the 
region of the start codon and at the same time encode 
the optimal Kozak sequence and a restriction cleavage 
site. The Kozak sequence (CCRCCAUG (G) , R = A or G) 

30 describes the optimal sequence environment for the 
initiation codon AUG, which environment is important 
for translation to be initiated efficiently at this 
start codon. The 3' primers, 5'CaEXPas and 5'cpEXPas 
(Fig. 9, SEQ ID NO. 2 and 6) hybridize in the 5' region 

35 of the respective C gene segment and introduced 
mutations corresponding to the cassette cleavage sites 
which were in each case employed (Figs. 2 and 4). 
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The bicistronic expression unit was prepared by fusing 
the two vectors pSBCI and pSBCII with the aid of two 
unique restriction cleavage sites (Asel and NotI, 
Fig. 5) . In the resulting fusion vector pSBCI/II, the 
5 two TCR chains flank an IRES element, which leads to 
capping-independent translation initiation and 
consequently enables both TCR protein chains • to be 
synthesized efficiently. Since the capping-dependent 
translation of the gene which is located 5' of the IRES 

10 element functions somewhat more efficiently than does 
that of the gene which is located 3', the TCRp chain 
was cloned into pSBCI and the TCRa chain was cloned 
into pSBCII. This thereby limited expression of the a 
chain as compared with expression of the (3 chain, with 

15 the aim of preventing the formation of TCRa homodimers. 

As has already been mentioned above and depicted in 
Fig. 5, Sfil cleavage sites were incorporated upstream 
of the TCRP chain and downstream of the TCRa chain in 

20 order to enable the two chains to be recloned together 
with the IRES element located between them. The same 
Sfil cleavage site is also present in the multiple 
cloning site of the vector pHEBNA-1 (Mautner et al . , 
Oncogene 12 (1996), 1299-1307 and Mucke et al . , Gene 

25 Ther. 4 (1997), 82-92), which is able to replicate 
episomally and therefore renders stable transfection 
unnecessary . 

Example 2 Restriction cleavage sites in the expression 
30 cassette 

The restriction cleavage sites in the expression 
cassettes, which sites enable any TCR V domains to be 
cloned upstream of already completed C domains with no 
35 change in the TCR amino acid sequence, are a central 
point in the preparation of '"synthetic T cells". 
Figs. 6 and 7 provide a diagrammatic representation of 
the construction and mode of function of the TCRa and p 
expression cassettes , 
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In particular, the diagrams depict the 5' region of the 
j^espective C gene segments in which the amplificates of 
the V region and C region overlap. As can be seen in 
5 detail in the figures, the listed restriction cleavage 
sites were inserted by means of mutations in the 
oligonucleotides employed. In this connection, the 
first cleavage site in each case was used for cloning 
the C gene segment into the expression vectors 

10 (TCRarXmal, TCRprSall). The V gene segments were cloned 
in by means of the second cleavage site in each case 
(TCRarBamHI, TCRPiSpel) . Since the first cleavage sites 
were removed by cloning in the V gene segments, no 
consideration had to be given to reading frame shifts 

15 and/or amino acid substitutions when selecting them. 

When the regions to be cloned were examined, endogenous 
restriction cleavage sites for Xmal and BamHI were 
found to be present in the coding region of Va20 and in 

20 the 3' -untranslated region of Ca, respectively. Since, 
however, the V and C segments were cloned independently 
of each other, and, in addition to that, the C regions 
were only cloned up to the start codon, it was possible 
to ignore the two endogenous recognition sequences. As 

25 previously mentioned, restriction cleavage sites in the 
expression cassette can be inactivated if required, 
something which is necessary when a Va domain possesses 
an endogenous- BamHI cleavage site or a vp domain 
possesses an endogenous Spel cleavage site. In order to 

30 do this, the 3' primers which are used for amplifying 
the V region can be used to insert any restriction 
cleavage sites whose core sequences, i.e. the central 
four bases of the recognition sequence, are identical 
to the corresponding sequences of the BamHI or Spel 

35 cleavage site, respectively (Table 1) . 
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Table 1 



TCR casse'bt:e 


Compatible 
restriction endonucleases 


Can be recut 
with 


a: BamHI 

{=BstI) 


Bell, Bglll, BstYI (=MflI, XhoII), 
Mbol (= DpnII, SauSAI) 


BstYI, Mbol 


(3: Spel 


Avrll, Nhel, Styl, Xbal 


Bfal 



The restriction endonucleases which are listed in the 
second column of Table 1 generate cohesive ends which 
5 are partially identical to the restriction cleavage 
sites of the expression cassette which are given in the 
first column. While these enzymes can be used to 
inactivate the cassettes with respect to the original 
enzymes, the cassettes can be recut by the enzymes 
10 which are listed in the third column. The enzymes which 
are listed in brackets are isoschizomers . 



In Figs. 6 and 1, Bglll and Xbal are given as examples 
of restriction enzymes listed in the second column of 

15 Table 1 which are compatible in the case of the TCRa 
chain and the TCRP chain, respectively. In this 
connection, it is important that the enzymes employed 
cut asymmetrically. The inactivation is based on the 
two ""incorrect" nucleotides having no effect on the 

20 completed polypeptide chains. In the case of both the 
TCR chains, the first nucleotide does not result in any 
amino acid substitution since all the four possible 
bases at these positions encode identical amino acids 
(Figs. 6 and 7). Due to the restriction endonucleases 

25 cutting asymmetrically, the second incorrect nucleotide 
is incorporated into the opposing strand and does not 
therefore have any effect on the translated mRNA. 

Example 3 Expression of the T cell receptor in 
30 eukaryotic cells 



In order to make it unnecessary to transfect additional 
accessory molecules such as CDS, CD4 and/or CDS, the 
cloned TCR is preferably expressed in a human T cell. 
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Essentially two aspects were of prime importance in 
selecting the recipient cells. On the one hand, the aim 
was for the recipient cell to have a high potential for 
proliferation, both in order to have available a 
5 sufficiently large number of cells for the transfection 
experiments in a relatively short time and to be able 
to expand successfully transfected clones substantially 
even after a large loss in cell number due to the 
transfection as such. In addition to this, the aim was 
10 for the recipient ceil to exert an unambiguous and 
measurable biological function after having been 
specifically stimulated by way of the transfected TCR. 



Various human T cell clones and T cell lines which are 
15 in principle suitable for use as recipient cells on the 
basis of their growth and other properties are 
described briefly below. 



The human T cell clone 234 is an example of a suitable 
20 recipient cell. This clone possesses some special 
properties: a high growth potential, cytotoxicity and 
an endogenous receptor which does not recognize any 
determinants on RCC-26 tumor cells. This non- 
recognition is particularly important since this clone 
25 is not a transformed cell which therefore needs to be 
regularly restimulated by way of its endogenous TCR. 
The greatest advantage lies in the cytotoxicity of the 
cell, which cytotoxicity can be measured readily and 
unambiguously as a demonstration of specific T cell 
30 activation. 



Other recipient cells which come into consideration are 
established human cell lines such as iyiolt-4. Peer, 
Jurkat and different Jurkat variants. These lines offer 
35 the advantage of rapid growth and can also be 
transfected with a high degree of efficiency. However, 
a disadvantage for certain applications is that they 
are transformed cell lines which are unsuitable for 
therapeutic use and do not possess any cytotoxicity. 
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Specific activation of these T cells can be 
demonstrated with the aid of secreted cytokines such as 
interleukin 2 (IL-2) and tumor necrosis factor (TNF) . 

5 Activation can be demonstrated particularly readily 
using a special variant of the Jurkat cell {Jurkat 9-5) 
which carries the p-galactosidase gene (LacZ) . stably 
integrated into the genome and under the control of the 
IL-2 promoter. As shown in Figure 8, stimulation of the 

10 transfectant by way of its endogenous or transfected 
TCRs leads to activation of the IL-2 promoter and 
consequently to transcription of the LacZ gene and 
accumulation of p-galactosidase in the cytosol. The 
addition of a buffer which contains a detergent and a 

15 substrate for the p-galactosidase results in the cells 
being lyzed, and the presence of the indicator enzyme 
can then be demonstrated by the reaction buffer 
becoming colored. 



# 
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SEQUENCE LISTING 

<110> Dr. Schendel, Prof. Dolores 

5 <120> T cell receptor expression cassette 

<130> 18222P 

<140> 
10 <141> 

<150> DE 198 16 129.8 
<151> 1998-04-09 

15 <160> 8 

<170> Patentin Ver. 2.1 

<210> 1 

20 <211> 33 

<212> DNA 

<213> Artificial sequence 
<220> 

25 <223> Description of the artificial sequence: PGR 
primer, partially homo sapiens 



30 



<400> 1 

ccgaattcca ccatgaggca agtggcgaga gta 

<210> 2 

<211> 27 

<212> DNA 

<213> Artificial sequence 



33 



20 



25 
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<220> 

<223> Description of the artificial sequence: PGR 
primer, partially homo sapiens 

5 

<400> 2 

acacggcagg atccgggttc tggatat 27 

<210> 3 

10 <211> 30 

<212> DNA 

<213> Artificial sequence 
<220> 

15 <223> Description of the artificial sequence: PGR 
primer, partially homo sapiens 

<400> 3 
agacccggga tcctgccgtg taccagctga 



30 



<210> 4 

<211> 41 

<212> DNA 

<213> Artificial sequence 



<220> 

<223> Description of the artificial sequence: PGR 
primer, partially homo sapiens 



30 <400> 4 

41 



tcccgtcgac ggcctcactg gcctcagctg gaccacagcc g 



<210> 5 



<212> 
<213> 



DNA 

Artificial sequence 



<220> 

<223> Description of the artificial sequence 
primer, partially homo sapiens 

<400> 5 
ccgaattcgg cctcactggc caccatggat acctggctcg ta 

6 

24 
DNA 

Artificial sequence 

Description of the artificial sequence 
primer, partially homo sapiens 

6 

acactagtgt ggccttttgg gtgt 

<210> 7 

<211> 31 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Description of the artificial sequenc 
primer, partially homo sapiens 



<210> 
<211> 
<212> 
<213> 

<220> 
<223> 



<400> 
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<400> 7 

aagggtcgac -cagcgngcct ggccacaggc t 

<210> 8 

5 <211> 27 

<212> DNA 

<213> Artificial sequence 
<220> 

10 <223> Description of the artificial sequence: PGR 
primer, partially homo sapiens 



<400> 8 

27 

grtaagcttc tagcctctgg aatcctt 

15 



